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Abstract 

The cosmological constant on a D-brane is analyzed. This D-brane 
is in the background produced by the p-brane solutions. The energy- 
momentum tensor in this model has been found and the form of the 
cosmological constant has been derived. This energy- momentum tensor 
is interpreted as an energy-momentum tensor for a perfect fluid on the 
D-brane. The energy density and the pressure for this fluid have been 
derived. As it turned out the pressure is negative but the speed of sound 
is real. 

PACS ll.25.-w; 11.25.Uv; 98.80. Cq 
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1 Introduction 

The problem of the cosmological constant, interpreted as a vacuum energy, 
consists in that the vacuum energy obtained from the general relativity (GR) 
equations is much smaller, then the vacuum energy obtained from the particle 
theory (standard model). This discrepancy can be overcome if one chooses the 
initial conditions with the highest accuracy. This leads to the so called fine- 
tuning problem. In order to solve these problems several models have been 
proposed. One of these consists in the modification of the GR on the distances 
bigger then size of the present universe [1]. The extra dimensions, in this model, 
have to remain infinite (non-compact) in order to get consistent theory. From 
the other side the fine-tuning problem is solved by the statistical approach to the 
different vacua of the superstring theory with the compactified extra dimensions 
[2]. Each vacuum realizes a 4-dimensional particle theory with a hidden sector. 
Parameters of this sector determinate, among others, the vacuum energy of the 
4-dimensional universe. Thus in the huge number of the superstring vacua some 
part of them can realize the observed small value of the cosmological constant. 
The p-branc solutions of the low-energetic supergravity in the type IIA/IIB 
string theory and the discovery of the D-branes in the open string theory give 
new view on the cosmological models ([3], [4]). These branes are extended and 
interact with each other by gravity. Each brane interacts also with itself. 
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Wc consider an energy-momentum tensor induced on the D-branc by the 
non-trivial background given by p-brane solutions. This tensor projected on 
the D-brane world-volume has an interpretation of the cosmological constant. 
Wc present an explicit form of the cosmological constant as a function of the 
transverse directions to the D-brane. 



2 Gravity generated by ]?-branes 

The form of the gravity when the fundamental constitutes of matter are j3-branes 
is considered e.g. in [3], [4], [5] and [10]. 

Let us recall the form of an action and the solutions for the system consisting 
of a dilaton (/), a graviton (^mjv and an antisymmetric tensor AMi...Ma of arbitrary 
rank d in a, D dimensional space-time coupled to an extended object. 

The action {d) for ^,gMN,AMi...M4 has the form [10]: 

In (d) = l/2«2 J^^ d^xV^iR {g) - 1/2 |#|^ - -^^L-^e-^^^i^^), (2.1) 



where: 



Fmi...M4+i = (<^^)Mi...Md 



The above fields are coupled to an elementary d-dimensional extended object 
{{d— l)-brane) M with a world- volume metric 7^^. This brane is embedded 
into R^: 

X :M ^R^. 
An action Sd for this brane is given by: 

Sd = Ta [ d''^[-l^r''d^X^d^X'' gMNe'''^/''+ 
d-2 , 

_i.£^..../..a^^X^^..a^^X^MM,...Mj, (2.2) 

where ijl,v = 0,1,..., d— 1. Thus the action I {D, d) for the system consists of 
the sum of the actions (2.1) and (2.2): 

I{D,d)=In{d) + Sd. (2.3) 

In the action (2.3) there are five independent fields: 

1. an antisymmetric field Ami...m^, 

2. a metric gMN on R^ , 
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3. a dilaton field ^, 

4. a vector field X which makes an embedding of the brane M into , 

5. a metric on M. 

The equations of motion with the respect the above fields are: 

• The condition = gives (the Maxwell equations with the sources): 

d * {e-'"^F) = 2k^ * J, (2.4) 
where the current J is given by: 

jM,...M, ^ 

Trf / d''^e^^ ->^^d^^X^K..d^^X^-^x, (2.5) 

andx = <5'' (ar-X(0)/^/=5 

• The Einstein equations ^^'^^g'^^ = 0: 

1 1 / 1 

RmN - TidMNR = 7i dM4>dN(t> - -^9mN 



2" 2 V 2^ 



2d! y<"-'^'^iVM,...M. - 2^^^^ ^^9mnF'^ , (2.6) 

where Tmn = gMAgNsT^^ is the energy- momentum tensor of the brane 

M : 

T^^ (x) =Td [ d'^£,sf^Y''d^,X^d,X^e'"^'\, (2.7) 

JMxR 

andx = <5^ {x-X{0)/V^ 

• The dilaton equation ^^^^'"^^ = 0: 

= -/^2^Td/ d'^^^7'^5,X^5,X^5Mive"*/'^x (2-8) 

• The brane equations ^^^g^''^'' = 0: 

(V^l^^d^X^QMNe''*/'') + 

^e^^-^'^d^,X^K..d,^X''^FMM,...M,. (2.9) 



• The equations of motion ^^^^''^^ = for the world metric 7: 

7^, = a^X*^5,X^5Mive»^/''. (2.10) 

In order to solve the above coupled system of equations (2.4-2.9), it is as- 
sumed that has the topology of the Cartesian product [10] : 

= M xN, (2.11) 

where M is a d-dimcnsional manifold ((d— l)-brane) with the Poincare symmetry 
group P (d) and N is an isotropic manifold with SO [D — d) symmetry group. 
The coordinates on R^ are split: 

X^ = (a;^y™), 

where , concerns M and N, respectively. The indices /x and m have the 
range: /i = 0, 1, d — 1 ; m = 1, D — d. In this topology the ansatz for the 
metric qmn has the form: 

rfs2 = gj^j^dx'^dx^ = e'^'^^y^v^^dx^dx-' + e^^^y^mndy"'dy'' , (2.12) 
the metric 77 is diagonal: = (im5(+l, — 1, — 1). The functions A and 

1 /2 

B depend only on y = (y • y) . The form of the antisymmetric field A is 
assumed below: ^ 

^^-■■■•'^ = ~det(5^.)^''-''<^^''^''^' ^^-^^^ 

where: 

^gOi...d-i _ g^j^j -j-j^g other components of A are set to zero, det (5^1/) = 
(-l)''"^ e^^''. Thus the field F has the form: 

- = -d^^— (^"^''0 • (2.14) 
The dilaton field depends on y since N is isotropic: 

= (y) • 

A static gauge choice for the vector field X is also assumed: 

where are coordinates on the brane M. In this static gauge the field X is 
equal to: 

X^ = (^^,F'"). 
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The directions Y transverse to the brane M are constant: = const. It 

means that the brane is not moving in this special coordinates system. Under 
the above conditions the metric 7 (Eq. (2.10)) takes the form: 

^ 2A+a4>/d 

One of the sohitions for the above system with the flat asymptotic condition ( 
9MN ^Vmn )'^^ given by [10]: 

A{y) = ^ {C{y)-Co), (2.15) 
2 [d + d] 

B{y) = - / ^ iC{y)-Co), (2.16) 
2(d + d] 

. f e-^« + % for d> 

e-^^y^ = I ,y , 2.17 
e-Co ^ liJll^y ford = 

^ct>{y) = ^{C{y)-Co) + Co, (2.18) 

a^d) = 4--^, (2.19) 
d+d 



where: 



k, = (2.20) 



and d = D — d — 2, is the volume of a {d+ l)-dimensional sphere 5''+^. 
Thus the metric qmn is given by: 

d 

QMNdX^dX^ =y- + -^6-^° j v^udx^dx''+ 

d ^ 

1 + %e~^^\ Smndy'^dy^. (2.21) 

yd J 

The other solution for this system is given by a (d + 2)-dimensional black- 
brane with the symmetry group: 

HxSO {d+l)xSO (S- 1). 

The metric for this system has the form: 

d __ 

+Al-'UX^dX\ (2.22) 
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where i = 1, d — 1 and: 

g-2</. ^ ^2.23) 

A± = (2.24) 

Fd+i = {r+r_f'^ ea+id, (2.25) 

and is the volume form of the {d + l)-dimensional sphere S"'+^with the 
metric dO^_|_j = habd(p°' dip^ . The radii r+ and r_ are related to the mass 
per unit {d — l)-volume and to the magnetic charge g^. 

Mj = jd^-^Q,, = ^[{d+l)ri-r% (2.26) 

9S = ^ / *F='^d ir^r.f' , (2.27) 

v2k Js<i+i V 2k 

where Qmn is the total energy-momentum tensor for the system and * is the 
Hodge duality operator with respect to the metric (2.22). In the case when 
r+ = r_ = ro the mass and charge are given by: 

Mj=V2Kg^. (2.28) 

It means that this brane becomes the extremal p-brane (BPS state). In this 
case the metric (2.22) takes the form: 

ds^ = {-df + dXidX') + A"^ (dp^ + p^dnl^i) , (2.29) 
where = r** — Tq and A = 1 + (ro/p)"^. 



3 A D-brane motion in the field of the black- 
brane 

We consider a Dd/_i-brane M embedded in the backgroimd of the (d + 2)- 
blackbrane N in the iP-dimensional space-time R^. This {d + 2)-blackbrane 
wraps a (d + l)-dimensional sphere. The metric of in the presence of black- 
branc is given by Eq. (2.22). Thus the metric induced on M by qmn has 
the form: 

dX'^ dX^ 

7a/3 = 9MN g^a y^'^' 

where X is an embedding of M in R^: 

X : TV X ^ i?^, 

x^ = x^(e°,e") 
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and a, /? = 0, 1, rf' — 1 , n = 1, rf' — 1. Wc assume that the time in and 
in the worldvolume M is the same and d' — 1 directions of N are paraUel to M. 
Thus the embedding of has the form: 

X^(^o,e«) = , (3.2) 

where a — l,...,d' — 1 and m ~ 1, D — d' . Tlie coordinates on M and 
selected in this way form the static gauge. For the metric Qmn (which is 
produced by (d+2)-brane wrapped on S"^+^) equal to 

ds^ = Xodt^ + Ai ^ dXf + \2dr^ + r^X^dVL^+i (3.3) 

i=l 

the metric induced by the embedding (3.2) takes the form: 

• 2 2 2 

7oo = Ao + Ai ^ X. + Asr + r^AsV? , (3.4) 

i—d' 

7„b = Ai(5afe,for d' - 1 < d - 1 (3.5) 
and 7„o = 0, where: 

.2 . r . s 

and hrs = /^rs (v') ('■5 s = 1, + 1) is the metric on 5"*+^. The coordinates 
in the metric (3.3) are as follows: 

X^={X\T,^^), 

where i = d' , ...,d — 1. In the case when the metric of the background has the 
form: 

d-l d+2 

ds^ = Xodt'^ + Ai ^ dXf + (^-6) 

i=l m=l 

the induced metric takes the form: 

d-l , 2 d+2 2 

7oo = Ao + Ai ^ X, + A2 ^ X^, (3.7) 

i=d' m=l 

7oa = 0, ^ (3.8) 

7ab = AiJab, for d' - 1 < d - 1. (3.9) 



If d' — 1 > d — 1 the metric 7 is given by: 



d+2 2 

7oo = Ao + A2^X„, (3.10) 

7ai5i = Ai^aibi for ai,&i = 1, 1, (3.11a) 

7a252 = A2(5a262 for 02, 62 = 3, d' - 1. (3.11b) 
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Thus in the gauge (3.2) the metric 7 induced on M by the blackbrane N 
(the latter producing the background metric (2.27)) has the form: 



7oo = -A+A_'^+'^ + A:^^A? V +r^A?¥J + Al+'^X^X , (3.12) 
7oa = 0, (3.13) 



7„(, = (3.14) 
For the static case Xi = (i = l,...,d— 1) 700 takes the form: 

7oo = -A+aI"^ + A+^A?"V^ + r^A?¥3^ (3.15) 

4 The energy-momentum tensor for a D-brane 

The energy-momentum tensor of the {d! — l)-brane M in the background qmn 
is given by Eq. (2.7) and is expressed by the matrix: 



background metric gmN produced by a (d — l)-brane is given by (see (3.3) and 
(3.6)): 

Ao (0) 



2^00 














(4.1) 






rpmn j 




= 1, 


...,D 


- d' . The 


generic form of the 



{gMN) =1 V (0) ^i^d-i J ° I ' (4-2) 

{grs) 

where is {d — l)-dimensional unit matrix and r,s = 1, d + 2. Thus the 
induced metric 7^^ on the brane M for the embedding (3.2) has the form given 
either by Eqs. (3.4-3.5) or by Eqs.(3.7-3.11). The components of the energy- 
momentum tensor T'^^ for the metric (4.2) in the embedding (3.2) take the 
form: 

Tf"" = Td^-t^"'e°-'>'l'^, (4.3) 
-7°^X e***^/^, (4.4) 
^7°°X X e^'^l'^b, (4.5) 

where ? = b^'"^ (a;™ - X™ {^)). Other components (T"0 , T"™) are equal to 
zero and 7 = det (7^^) , 5 = det {qmn)- 
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4.1 Cosmological constant induced by the blackbranes 

The ratio of the determinants 7/5 for the metrics (3.3), (3.4) and (3.5) is given 
by: 



1/9 ■ 



r2(d+i)A2A^+'det/i 



where: 



rf-i 



i=d' 



Ao 



(4.6) 



(4.7) 



and det /i is the determinant of the metrie /i^s on the sphere S'^'^^. For the 

embedding (3.2) and in the metric (3.3) the time-dependent components X in 
Eqs. (4.4-4.5) have the form: 



X 



where i = dl , d—1 and s = 1, d+1 (<^* are coordinates on 5**+^). In this 
way we obtain the expUcit form of T^^: 



nmO 



~ . m 



-s, 



Td' 

r'^+'\x2Xt+'deth XoT 

~ . m . n 

Td' Xf-'^T X X e°*/<^' 
^\ AaAf Met/i A^T ' 



(4.8) 
(4.9) 
(4.10) 



since 700 = AqF and 7°° = (AqF) ^. The i'-brane tension Td> is given by [12, 
13]: 



"(10) 



The pull-back of the T^'^^ by the embedding X gives the energy-momentum 
tensor T^i^ on the D-brane: 



r^AB dX^ dX^ 

Tn„ = T gAMQBN ■ 



(4.11) 



Thus we obtain from (4.11) 



Tab = T'^ 9ca9bd, 
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where 



500 = Ao, 

(i?mim) 

(5ac) 
. m . n 

Because gmnX X = Aq (F — 1) we get from (4.8-10): 



^i^J-d' 

A2 

r^As (V) 
Ai/<j'-i. 



too 



\d'—d 
■^1 



r''+^\ AaA^+^rdet/i 

Td' 



z'">'/'^\q [r^ - 2r + 2] 



Af-'^r 



AsA^+Met/i 



(4.12) 



(4.13) 



modulo delta functions. In the static case {X =0) F = 1, so the Eqs. 
(4.12-13) take the form: 



T = 



d'-d 



r'^+i^ AaAf Met/i 
This tensor consists of the part 



pa<t>/d 



(4.14) 



Aft {r;d',d) 



T, 



d'-d 



^a<p/d 



(4.15) 



which depends only on the direction r transverse to the brane M . Thus for a 
fixed position of M in the ambient space R the quantity A;, has the constant 
value. The equations of gravity on M take the form: 



(4.16) 



where i?^,^ is Ricci tensor and R is scalar curvature with respect to the metric 
7^^ and t^v is the energy-momentum tensor for the matter and fields on the 
D-brane. Because T^,^ is the product of A(, (which is constant on M) and the 
metric 7^^, the equation (4.16) takes the form: 

Thus Aft can be identified as a cosmological constant which is produced by the 
other branes. For the metric (2.22) one obtains that: 



Ab {r;d',d) = 



Th' 



^2(d+i) V det/i 



A+ 



A" 



(4.17) 
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where: ^ 

aid',d;D)= -- + -■ (4.18) 

In the static case induced by the [d — l)-diniensional blackbrane the term 
on the Z)(i/_i-brane takes the form: 



d \ 1/2 



where the radial coordinate r is interpreted as a distance from the center of the 
blackbrane wrapped on 5''^+^ to the center of the (rf' — 1)— brane. The dimensions 
of the blackbranes change from to £) — 1. Thus the total term A(, induced by 
the set of blackbranes of different dimensions can be expressed by the following 
sum: 

Kb{n,...,rD-r,d') = J2 {vd; d' , d) , (4.20) 

d=l 

where is the distance from {d — 1)— dimensional brane to {d' — 1)— brane. 
In the case, when £> = 10 and d' = 4, 

a(4,d;10) = 2-^ + ^(d-7)d. (4.21) 



Thus 



A^(^;M)^;^;^(l-^) (l-;^) (4.22) 
and the total cosmological constant is given by: 

9 

Aft (n, rg; 4) = ^ Ab (r^; 4, d) . (4.23) 

d=l 

In this way we showed that the induced cosmological constant is the function 
of dimensions of the blackbranes and distances from them to the 4-dimensional 
brane. 

In the non-static case (F ^ 1) we introduce a scalar field (j) which is related 
to the transverse coordinates of the blackbrane: 

S^ = ^Y X%^r +T^^ip\ (4.24) 

Thus: 

T = l-(j)^, (4.25) 
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since Aq is negative. The Eqs. (4.12-13) take the forms: 

Too = Ab 1^^ 700. (4-26) 
VI - 

Tab = kb\l I -<!>'' lab, (4-27) 

where A;, is given by (4.19) or by (4.22) for d! = 4. Let us compare in the 

commoving frame {ua = 0) this induced energy-momentum tensor to an energy- 
momentum tensor for a perfect fluid T^^i, with an energy density e and a pressure 
p: 

T^i, = {£+p) u^u^ - P7^^. (4.28) 
As a result of this comparison one obtains: 

p = -Kb^l-(j?. (4.30) 
The corresponding state equation has the form: 

w=p/e=~—^. (4.31) 
1 + 

For the variety of the blackbranes we get a set of the fields (j)^. Thus the 
effective energy and the pressure have the form: 

e = ^A,(rrf;4,rf) ^lA , (4.32) 



i2 
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P 



= -J2^b (rd;4,rf)^l-4 (4.33) 



In this case the state equation is: 



One can see from above that for the certain values of the fields the state 
equation assumes the form w < —1/3 which corresponds to the exotic matter 
interpretation on the D3-brane. 

4.2 Cosmological constant induced by the branes without 
horizon 

In this case the background metric is given by (2.21) and the induced metric 7 
is given by (3.7-9) for d' - 1 < d- 1 and by (3.10-lla,b) for d'-l>d-l. Thus 
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the ratio of the corresponding determinants has the form: 



where: 



dct7 _ I ^VF2-r for d' - 1 < d - 1, 
det5 " 1 ^d'+id+4-D^ for d' - 1 > d - 1, 



«=d' m=l 



d+2 



Ao 



(4.35) 

(4.36) 
(4.37) 



m=l 



Let us consider first the case when rf' — 1 < d — 1. Thus: 



\ a — d-p 



\ d' — dj-i 



(4.38) 

(4.39) 
(4.40) 



Proceeding as before one obtains the following pull-back of this tensor on the 
Dd'_i-brane: 



~ nr. o .m .n 

Too = T°°500 + T'^'^^'grmrngmny V 

Toa = 0, 

Tab = T'^^'QcaQbd, 



where: 



500 = Ao, 



{gmim) — 



(gac) = Ai/< 



d'-l- 



Thus: 



'00 



Td' 



\d' — d 

1 _^a4>/d^^ ^p2 _ 2r + 2] 



Tab = 



\ d —dj^ 
^1 ^ „a. 



'\-x 



d+1 
2 



(4.41) 
(4.42) 
(4.43) 

(4.44) 
(4.45) 

(4.46) 

(4.47) 

(4.48) 
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In the static case (F = 1) this energy-momentum tensor has the form: 

V = Kl^.., (4-49) 

where: 

a;, (d', d, D; y) = Ta, [l + ^^-^"^ (4.50) 

and 

a = —, ^ id! + 2d- i\ . (4.51) 

lU + dX^ ' 

In the superstring regime d + = 8 and for d' = 4 the exponent a is equal to: 

a = ^ ^ (4.52) 
and d < 4. Thus the term takes the form: 

AU4,rf,10;y) = T4(^l + ^e-^«j " (4.53) 

and for 2/ ^ cxD tends to T4. _ 

The second case is for d' — 1 > d—\. The induced energy- momentum tensor 
is given by: 



( yd' +1d+^-D 



Too = Td'\l^—^ e<"^/'^Ao [1^' - 20 + 2] , (4.54) 



Tab = Td,^J\i'+^''+^-'^ne''^/'^XiSab. (4.55) 
Thus as before in the static case (O = 1) we obtain: 

^^.^ = Kl^., (4-56) 



where: 

a;' id', d, D; y) = Ta, (^1 + ^e"^" ) , (4.57) 

and 



a = . . (D + d' + d). (4.58) 
2 (d + d) 

In the superstring regime d + d = 8 and for d' = 4 the exponent a is equal to: 

^^(d+14)(10-d) 

16 ^ ^ 
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and d > 4 . Thus the term A" takes the form: 

_ (d+14)(10-<i) 

A;'(4,d,10;y)=r4(^l + ^e-^°) " . (4.60) 

In the presence of the variety of branes with different dimensions the total 
induced cosmological constant is given by: 

4 9 

A (yi, 2/9) = J2^'o (4' d, 10; yd) + ^ A^' (4, d, 10; ya) • (4.61) 
In the non-static case we introduce as before a field (p defined by: 

d-l „ , d+2 

^ lAol + lAol 

Thus: 



foo = A^ii=7oo, (4.63) 
V 1 - 



T„6 = (4.64) 

where A is expressed by (4.53) for d < 4 and by (4.60) for d > 4. Proceeding 

as at the end of the previous section one gets energy, pressure and the state 
equation for the exotic matter induced by a non-blackbrane on D3-brane: 

p = -A^Jl- (f^, (4.66) 

1 + 

where A is the same; as in (4.63). For the variety of branes one gets: 

e = ^Aard;4,d)^iiL+^Aarrf;4,d)^±iL, (4.68) 



4 , 9 



P = -Y.Kird■A,d)^Jl-<t>l-Y.K{rd■A,d)^Jl-^l (4.69) 

In this case the state equation is: 

Eti (ra; 4, d) ^1^ + ELi A'^' (r^; 4, d) ^1^ 
w = (4 70) 

ELi A^ ira; 4, d) -ig, + ELs A^' (r.; 4, d) -ig. 
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4.3 The cosmological constant 

In order to get the total induced cosmological constant on the D3-branc we 
should take into account all kinds of p-branes with different dimensions and 
with different distances from their centers to the center of D3-brane. Thus 
collecting the results (4.23) and (4.61) one obtains: 

9 4 9 

A = ^ Ab (4, d, 10; Td) + ^ a; (4, d, 10; yd) + ^ K (4, d, 10; yd) • (4.71) 

d=l d=l d=5 

The dynamic case is described on the D3-brane by a set of fields {(l>s} (where 
5* = 0, 1, ...,9 is the dimension of the p-brane in the 10- dimensional ambient 
space). 

The global energy-momentum tensor for the perfect fluid on the D3-brane 

is produced by the configurations of brancs of different kinds in 10-dimensional 
ambient time-space. Thus the cosmological constant induced on the D3-brane 
can be fitted to the observed one by the appropriate choice of the parameters 
appearing in (4.71). As it is well-known the evolution of the imiverse depends 
on the value of the cosmological constant. In the present time the universe is 
accelerated. This phenomenon is being usually explained by an assumption of 
the existence of the exotic matter described by the state equation w < —1/3. 
Such an exotic matter produces negative pressure, which acts against gravita- 
tion. Our approach presented above allows us to obtain such a state equation 
by the appropriate choice of the values of certain parameters in (4.71). The Eq. 
(4.71) changes with time which means that the evolution of D3-brane presented 
above depends not only on the D3-brane contents but also on the p-branes 
configuration in the ambient space. 

5 Conclusions 

The form of the cosmological constant A on the D3-brane M has been derived 
as a pull-back of the energy-momentum tensor, the latter tensor being taken for 
the background produced by the different p-branes. The contributions coming 
from the gravity solutions for the p-branes have been taken into account only 
and both the gauge fields on M and RR charges of the p-branes have been 
ignored. In this way the dependence of the cosmological constant on both the 
dimensions of the p-branes and their distances to M has been obtained. 

In the dynamic case when 4> one obtains the energy-momentum tensor 
on M which can be identified with the energy-momentum tensor for the perfect 
fiuid on M. This perfect fluid representing some kind of the exotic matter has 
the state equations given either by Eq.(4.34) in the case of the blackbranes or by 
Eq. (4.70) in the case of the p-branes without horizon. The energy and pressure 
are given by (4.32) and (4.33) for the flrst case as well as by (4.68) and (4.69) 
for the second case. The pressure produced by this perfect fluid is negative and 
acts against gravitation. One can then say that the perfect fluid can present one 
of the factors determining the cosmological evolution of M . Thus the evolution 
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of M depends on its position in the ambient space with respect to the other 
branes. As one can see the speed of sound Cg is real as a function of the field 
for (f) E (—1, 1) (here only one brane is considered): 



where e is given by the Eq. (4.29) and p is given by the Eq. (4.30). The picture 
below shows the 0-dependence of Cg'- 



The model presented above can be interpreted as one of the models for the 
explanation of the origin of the dark energy. In this model the dark energy is 
generated by the perfect fluid of the exotic matter. In [14] the dark energy is 
associated with p-branes in the light-cone parametrization. 
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